T Diurnal Baro overlying strata. Having regard to the slow rate at which this wave is generated, the rise of temperature, even in such a climate as that of Northern India, not exceeding 5° or 6° in the hour of most rapid heating, equivalent to an increment of less than T^t h of the initial pressure, it appears to me that the rate of propagation will be sensibly that due to half the height of a homogeneous atmosphere, or a little more than two-thirds the rate of the sound-wave. This rate will be continually retarded as the wave advances through the loftier and colder strata, being proportional to the square root of the absolute temperature of each stratum. And it will depend on the thickness of the atmospheric sheet heated, the amount of the heating, and on the thickness and temperature of the cold external strata, whether the retardation may not be such as to allow of the tension of the lower strata becoming such as is indicated by the barometer at the time of the forenoon maximum. Under such circumstances, the instant of maximum pressure should coincide with that of the most rapid rise of temperature and vaporisation.
I do not think that our knowledge of any of these fundamental conditions is such as to justify a rejection of the hypothesis on a priori grounds, and it may therefore be worthy of inquiry how far it is in accordance with verifiable observation. At Calcutta, the atmospheric pressure at 9 h. 30 m. a.m, is about Q-th greater than at the time of the morning minimum; an increase which would be produced by heat ing the air in a closed vessel less than 2 . A retardation of about half an hour in the dissipation of the increased pressure produced by heating and evaporation would suffice to produce the observed effect.
Dr. Sprung, in his admirable manual, the ' Lehrbuch der Meteorologie,' published in 1885, has referred to the above hypothesis,* and has tested the coincidence of the critical phases of temperature and pressure by the summer results of the hourly observations and auto graphic registers of the Prague Observatory, from 1842 to 1861, which have been recomputed by Professor Augustin. The result of this test appears to be satisfactory. At Prague, on the mean of the summer months, the forenoon barometric maximum occurs a little after 8 a.m., and nearly coincides with the most rapid rise of temperaIn India there is no station at which the forenoon maximum falls at so early an hour at any season; but at Yarkand and Kashghar, according to Dr. Scully's valuable observations, in the summer, it occurs even earlier than at Prague, while in the winter it is a3 late as the mean epoch at Calcutta. It is true we have only fifteen series of hourly readings for the winter months, November to February, taken at intervals of seven or eight days, and but eight series for June and July, but so regular is the march of the diurnal variation both of temperature and pressure in this climate, that even these suffice to show the distinctive characters of the curves at both seasons. The observations have been published at length in the first volume of the ' Indian Meteorological Memoirs.'* To eliminate small irregularities, corrected hourly values have been computed from these by means of the harmonic formula. A very exact determination of the critical phases cannot of course be expected from such data, but according to the method of computation adopted,t the epochs of the forenoon pressure maximum and of most rapid heating are as follow at the two seasons :- The instant of most rapid rise of temperature may be ascertained by twice differentiating for the values of t the formula which expresses the temperature 0 as a function of the time t, and putting
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The most convenient formula for this purpose is that of the method of differences employed by Dr. Jelinek for obtaining the approximate times of the maximum and minimum phases of temperature, pressure, &c. On taking the first, second, and third differences of the temperatures at the clock hours, two before and two after the instant of most rapid rise, the hour in which this occurs is shown by the change of algebraical sign of the second order of differences. Denoting that which pre cedes this change by A2, and the differences of the first and third order next following in order of sequence by A ' and A'g, the second differentiation Considering the character of the data and the method of computation, this close coincidence in the winter months must he regarded as in some degree fortuitous.
In order to test the hypothesis more thoroughly, I have selected four stations, the data for which are more ample, and thoroughly trustworthy, viz., Bombay, Calcutta, Batavia, and Melbourne; and in the case of the last three, I have compared the critical phases in question for every month of the year.
The 
P4
Th Diu
From this table it appears that only in one or two of the winter months at Batavia and Melbourne does the forenoon maximum of pressure coincide so nearly with the moment of most rapid heating as at Prague and Yarkand. In all cases, except in the midwinter months at Melbourne, the former follows the latter by an interval which averages 31 minutes at Melbourne, 35 minutes at Batavia, 1 hour and 8 minutes at Calcutta, and 1 hour and 48 minutes at Bombay. But it is to be noticed that, at all the stations, this interval is shortest in the winter and greatest in the summer. It is true that the computed temperature epochs may be 10 minutes or so in error, owing to the merely approximative character of the method adopted, and that, for an hour or more afterwards, the change in the rate of rise is very small, not exceeding a few tenths of a degree per hour; but the retardation of the barometric maximum is too systematic to be explained away by any such considerations. There are, however, others of a very obvious character.
The hypothesis attributes the increase of pressure in the forenoon to the mean increase of tension in the atmosphere up to a very great height, not to that of the lowest stratum only. And since this latter is heated much more rapidly than the higher strata, and that, owing to variations in the character of the earth's surface, the rates of heating in contiguous areas of the lower strata themselves vary indefinitely, the convective movements, which are set up , in consequence, produce innumerable small modifications in the form of the local temperature curves, which will to a great extent eliminate each other when, a mean is taken of those of higher and lower strata; and the general form of this curve for the greater mass of the superincumbent atmosphere must be much more constant than that deduced from the thermometer readings of our observatories....Generally, as was assumed by Lamont in his discussion of the problem, the critical phases of the former will be later than those of the latter. This retardation will be greatest where the diurnal range of temperature is greatest, and especially at such intertropical stations as Bombay and Calcutta.
The diurnal march of the temperature at such an observatory as the Colaba Observatory at Bombay, must be influenced in a high degree by the local influx of cooler air from the neighbourhood. Situated on a narrow point of land, and surrounded, in all directions but one, by many miles of sea, the atmosphere is scarcely ever calm, and a wind from any quarter other than between north and north west comes directly from the sea close at hand, the movement of the air increasing with the rise of temperature. To this circumstance, in all probability, it is due that this rise undergoes a slight check at an earlier hour than at any of the other stations. It is very slight, as is shown in the following table, which gives the amount of the rise for each hour from 6 a.m. to noon in each half of the year. But it is sufficient to explain the early occurrence of its maximum. At Calcutta, Batavia, and Melbourne, the observatories are sufficiently far from the sea to exclude the supposition that they are subject to its influence in anything like the same degree as Bombay, but at all of these the temperature must be influenced by convection, which is most active in the summer months; and, as already remarked, it is at this season that the instant of most rapid heating precedes the barometric maximum by the longest interval. In certain of the winter months, viz., August at Batavia, and May and July at Melbourne, the time of most rapid heating, and that of the bai'ometric maximum are as nearly coincident as at Prague and Yarkand; and in June, at Melbourne, the latter appears to anticipate the former by about half an hour. Of this opposite anomaly I am not prepared with any explanation. More than one circumstance might be imagined in the local conditions of the observatory which would retard the instant of greatest rise, but without searching inquiry and examination on the spot, any suggestion would be mere vain surmise. I may, however, notice that the June curve of temperature departs from the ordinary parabolic form in a manner that points to the existence of some local irregularity, and that similar irregularities are noticeable in other parts of some others of the monthly curves.
As a final conclusion, if these data, when subjected to the rigorous test I have applied, do not give strong support to the hypothesis, neither do they, with the single exception just mentioned, show any discrepancy which is not susceptible of a simple and probable explanation; and the single exception is one which might also probably be explained, were the requisite information available.
Evening Maximum.
The tendency of the skies to clear after sunset in settled weather has been noticed by many writers, even in the irregularly variable climates of Europe, and in India it is most striking at all seasons of the year. The cloud registers of nearly all stations at which hourly observations have been made, show a strongly marked minimum T Diurnal Baro between sunset and midnight, the average hour being about 10 p .m. : and some show a second subordinate minimum about 9 or 10 a.m. The cloud curves for Allahabad given by Mr. S. A. Hill on Plate 28, vol. 1 of the ' Indian Meteorological Memoirs,' exhibit both these minima in most months of the year, that of the evening being the abso lute minimum of the twenty-four hours. On the average of the year, the mean proportion, at 10 p .m., is 2'52 (on-the 0 to 10 scale), that of the twenty-four hours being 3TO: the deficiency therefore is more than one-sixth. The cloud curves of Melbourne given by Dr. Neumayer also show that, in every month except November, the diurnal m in im u m of cloud is between 7 h. 30 m. p .m. and 1 h. 30 m. a.m. ; and, on the mean of the whole year, it occurs at 9 h. 44 m. p .m. At this hour, the mean proportion is 5*55, the general mean of the twenty-four hours being 6'56 ; so that, here also, the deficiency amounts to one-sixth of the average. At Bombay, the absolute minimum, according to Mr. Chambers's table, occurs at 8 and 9 p .m., and the deficiency is one-ninth of the general average. The mean diurnal cloud curves of Allahabad, Melbourne, and Bombay, for the average of the whole year are given in figs. 1, 2, and 3.
More striking than any of these is the concurrent evidence afforded by the diurnal variation of the Calcutta rainfall. Two series of data have been published; the one based on hourly observations of the occur rence of rain during twenty-one years,* the other giving the results of seven years' records of a self-registering rain-gauge,which affords measurements of the quantities that fell in each hour as well as an enumeration of rainy hours. The two series are generally accordant, and exhibit a diurnal fluctuation of a remarkably pronounced character. This differs at different seasons of the year, as might indeed be anticipated, and it is in the rainy season, when the air is nearest to saturation, that the forenoon and late evening minima are most strongly developed. The numerical results of this season, afforded by both series, and also those of the whole year, are given in the following table, and, in parallel columns, smoothed values obtained by the formula
where a, b, and c are the observed values for any three consecutive hours, and V the smoothed value of the middle term. The curves afforded by the latter for the seven-year series are represented by figs. 4 and 5. In seven years (Alipore).
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Obs. In the rainy season there were 2929 rainy hours in the seven years, giving an average of 122 for each hour of the day. But for the hour between 10 and 11 p .m. there were but 78 instances of rain, or but two-thirds of this average, and from 8 to 9 a.m. but 91 instances of rain, or three-fourths of the average. The deficiency in the quantity of the rainfall was even more striking. The average per hour of the day was 12'81 inches, but the recorded amount for the hour between 10 and 11 p .m. was only 4'76 inches, or less than two-fifths of the general average, and that from 9 to 10 a.m. was 8'46 inches, or little more than two-thirds.
Another equally striking example of the approximate coincidence of interruptions of the rainfall, about the time of the diurnal maxima of pressure, is afforded by Batavia, on the evidence of ten years' registers of the hourly rainfall, published by Dr. Bergsma in the 3rd volume of the ' Batavia Observations.' Here also, it is only the rainy reason (December to January) that exhibits this feature in a very decisive manner, and the coincidence is the more remarkable, since, in another respect, the diurnal variation of the rainfall of Batavia stands in marked contrast to that of Calcutta. At Calcutta the greater proportion of the rain falls in the daytime; at Batavia at night. The percentages were respectively as follows :-
The general average of all the hours is 412 mm. per hour, but the quantity recorded between 9 and 10 p .m. is only 231 mm., or little more than half, and that between 10 and 11 a.m. 288 mm., or little more than three-fifths of this average. It is to be observed that the forenoon minimum of Batavia falls an hour later than that of Calcutta, whereas the evening and principal minimum is an hour earlier. This is exactly what might be expected from the combina tion of a double diurnal oscillation with one of single period, the latter having its maximum in the former case at night, in the latter in the daytime.
The Melbourne hourly rainfall tables show great variations in different months, and admit of very little definite conclusion, except that, as at Batavia, there is more rain at night than in the day. It is then only in the warm and nearly saturated atmosphere of Bengal and Java, in their respective rainy seasons, that these diurnal inter ruptions of the rainfall about the hours of the two barometric maxima are decidedly manifested. But in these two cases they are most marked; and this circumstance, taken in conjunction with the corresponding cloud variation, which is shown by so many stations, points strongly to a causal connexion between the diurnal variation of pressure and the condensation of atmospheric vapour in the cloud forming strata of the atmosphere, which, I think, we can scarcely fail to recognise.
The mere fact that an increase of atmospheric pressure, from what ever cause arising, is accompanied with a dissipation of cloud and a diminution of rainfall, would not perhaps call for special remark. But it is to be observed that whereas the nocturnal barometric maxi mum, at all the stations here dealt with, is less pronounced than that of the forenoon, the concomitant effects in the clearing of the atmo sphere and in the check in the rainfall are much greater in the former case than in the latter. They seem to point to a forcible compression of the atmosphere, and dynamic heating of the cloud-forming strata. And some such temporary effect does not seem impossible, even at a time when the earth's surface and the air immediately in contact with it are cooling rapidly. Moreover the temperature curves of Prague, Calcutta, and Batavia all show a very slight irregularity about 10 p .m., which indicates a slight check in the fall of temperature about that hour greater than takes place either in the preceding or subsequent hour, and which may possibly be the manifestation of such an action in the lowest atmospheric stratum. Slight as it is, the fact that it occurs at the same hour in all these curves, and that it coincides with the evening pressure maximum and the strongly marked minima of cloud and rainfall, is at least significant.
When we tabulate the differences of the first and second orders of the hourly means of the original observations, at the three stations The only further point of some significance, to which I have to draw attention, is that the hour of the evening barometric maximum about coincides with the time when the temperature curve ceases to be strongly concave, and becomes nearly rectilinear, indicating a nearly uniform rate of cooling from that time up to just before sunrise. This fact suggests the possibility that the evening maximum of pres sure may be determined by the check in the descent of the cooling and collapsing atmosphere which takes place from 6 or 7 p .m. to about 10 p .m.* But it is very probably combined with other elements, among which may he the return of the morning wave of pressure. And indeed unless there be such repetition, it is difficult to understand why the rise of pressure sets in so early as between 4 and 5 in the afternoon, instead of between 6 and 7 p .m. ; that is, after the time when the fall is most rapid. And unless the evening wave is repeated in like manner, to explain why the morning rise of pressure begins at least two hours before sunrise.
Note added August 15, 1888.
Since the foregoing paper was read before the Society, I have received a table of the mean horary readings of the thermometer, recorded at the Surveyor-General's office, Calcutta, (formerly the Calcutta Observatory) during the same years that have furnished the barometric data, quoted in the text, page 415. They have been computed to hundredths of a Fahrenheit degree, and are as follow-(p. 426).
The instant of the most rapid rise of forenoon temperature computed from these figures by the method described in the footnote on page 418 is as follows in each month :-•J0 q u i a o 9 ( j |^l
